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LOGIC CHANGES TO THE TWO-IMPULSE PROCESSOR FOR PROJECT APOLLO

By Jerome A. Bell
SUMMARY AND INTRODUCTION

Project Apollo has necessitated changing the existing two-impulse
displey, which requires corresponding changes to the logic of the pre-~
sent two-impulse processor. This internal note presents these changes
by revising references 1, 2, and 3. (Ref. 1 revised ref. 2.) An attempt
has been made to be consistent with reference 1 deleting, modifying or
adding logic where required.

DISPLAY PARAMETERS DELETED

The new two-impulse display deletes the following parameters (symbols
defined in ref. 2):

a. Burn time of each maneuver, (ATB).
b. Burn-initiation time of each maneuver (GETB and GMTB).
c. Elapsed time fram Ngp (ET NSR)

d. Gemini platform incremental velocity components (Av,, AV

9 b
and AVZ). X 1

e. Thruster used for each display.
DISPLAY PARAMETERS ADDED

The new two-impulse display adds the following parameters (symbols
used in flow chart):

a. Pitch ahgle between the window on the active vehicle and the
active vehicle's body X-axis (A¢).

b. Time interval between the first and second maneuver (ATR).

c. Central travel angle of the passive vehicle between the first
and second maneuver (uwt).



d. Impulsive time for each maneuver (GET and GMT).

e. Elevation angle between the active vehicle's local horizontal
and the earth's horizon for each maneuver (¢H).

Ve AV, ,and AV, .
Xpav EAY EAV

g. Pitch and yaw of active vehicle's body so that the window is
along a given line of sight for each maneuver (¢ few? ¥ ).

h. Incremental velocity components for each maneuver in active
vehicle's body coordinate system when window is along a given line of
sight (Vgg, Vg1 and Vgo).

( f. TImpulsive components of each maneuver in external AV coordinates
A
view

i. Relative print prior to each maneuver. This includes the azi-
muth and elevation angles of the passive vehicle from the active vehicle
(wR, ¢R); it also includes the down range, and vertical and lateral

displacement of the active vehicle from the passive in a curvilinear co-
ordinate system with the positive axes identical to the external AV
coordinate system (XC, Y., and ZC)'

LOGIC CHANGES TO REFERENCE 1

A revision of the detailed flow chart of Appendix II of reference 1
is presented in Appendix A of this note. The logic changes are as
follows:

a. Set the number of lines of relative print to 3 if the data is
required prior to the first maneuver or 4 if the data is required prior
to the second maneuver.

b. Compute relative displacement (XC, YC’ ZC) of active vehicle
from passive vehicle in curvilinear coordinate system following the
computation of target azimuth and elevation angles.

c. Set logic to operate as an active-passive nomenclature instead
of wvehicle 1 being target and vehicle 2 being chaser.



A revision of the detailed flow chart of Appendix III, reference 1
is presented in Appendix B. The changes are listed below. Page numbers
refer to Appendix III, reference 1.

s AVY s, and AVZ .
EAV EAV EAV

a. Compute each impulsive maneuver in external AV coordinates
(Av
X
b. Set engine cant angles of the active vehicle (e and e!').

c¢. Delete the computation for burn duration and burn initiation
time (page 1).

d. Delete all logic between the impulsive directional pitch and
yaw computation (page 2) and "K =K + 1" (page 3).

e. Delete the "LC: 1" test; Go directly to "W" if K >2 (page 3).
f. Delete the terminal phase test (page L).
g. Campute approach data prior to each maneuver.

h. Compute both the loock angles to the target and to the horizon
(¢T’ 'st ¢H’ ‘DH).

i, Choose whether the vehicle is to be pointed at the horizon or
the target,

J. Compute velocity components for each maneuver in active vehicle
body coordinate system when window is along a line of sight (Vgg, Vg1,
and Vgs).

k. Compute pitch and yaw of active vehicle's body for window to be
along a given line of sight (¢_. , ¥ ).

view
1. Compute AV components to be applied in one direction at a time
(XBR’ Yop» and ZBR)'

m. Delete all logic on page T,

view

n. Compute'acceleration of lateral thrusters assuming 2 quads
fire (page 8).




o. Delete V_ computation (page 8).

p. Delete e, Isp (page 8).

q. Change the "Ve:O" to Vgg (K, NS):0,

r. Set logic to operate as an active-passive nomenclature instead
of vehicle 1 being target and vehicle 2 being chaser.

INPUT CHANGES TO REFERENCE 1

The following input additions or deletions are required to refer-~
ence 1:

a. "Kode" has been changed to denote pointing of vehicle (zero if
at horizon, 1 if at target).

b. Delete T

NSR °
¢. Delete cant angle array (EIT, L)'
d. Delete ullage times (ATULL and ATULLZ)'

e. Delete thruster choice (IT, and ITp). It is assumed the RCS
will be used :

f. Delete thrust and specific impulse array (T and T .
IL, L SPIL L
2

It is assumed all RCS thrusters have equal thrust and specific impulse.
Input the thrust and specific impulse (Tl, Lo and ISPI ) of one of the

active vehicles RCS thrusters. » LC

LAT)'
h. Delete thrust value for lateral thruster (T

g. Delete lateral thruster cant angles (E

LAT).
i. Delete attitude mode (AIT; and ATT,).

j. Input number of quads to be used for x-axis thrusting

(NQUAD 2 or 4).

k. Input pitch angle between the window on the active vehicle and
the active vehicle x-body axis (A¢). A¢ is positive if the x-body axis
has to be pitched up in order for the window to be along a given line
of sight.



CHANGES TO REFERENCE 2

In order to use the two-impulse processor (ref. 2), it is necessary
to input either the times of both the first and second maneuvers (t; and
t,) or the time of the first maneuver (t;) and the desired passive vehicle
travel angle between the first and second maneuvers (wt). The display
format requires that both the time between the first and second maneuver
(AtR) and the passive vehicle travel angle (wt) to be displayed.

If the two maneuver times are input, AtR =1ty - t; and wt =
NT (tp - t;) where NT is the mean motion of the passive vehicle. If the
time of the first maneuver and passive vehicle target travel angle is

input, AtR = %i » where wt is the input value.

CHANGES TO SUBROUTINE ROTATE

In modifying the two-impulse display for Apollo, it was necessary
to modify Subroutine Rotate (ref. 3). A revised flow chart is included
in Appendix C of the internal note.

It was advantageous in Gemini to assume that the active vehicle
(vehicle 2) had a relative coordinate system in the direction of motion,
down and to the left, while the passive vehicle (vehicle 1) had a rela-
tive coordinate system opposite the direction of motion, up and to the
left. As long as vehicle 2 was the active vehicle, the relative azimuth
and elevation to the target would be correct but if vehicle 1 was active,
the computation of the angles would not apply without modification to
the logic. All that was done to "rotate" was to make the coordinate
system of vehicle 1 identical to that of vehicle 2.



APPENDIX A
REVISED LOGIC TO COMPUTE RELATIVE QUANTITIES

FOR THE TWO-IMPULSE DISPLAY



APPENDIX A REV/ISED LoG/C 7O COMPUTE RELATIVE
QUANT ITES FOk THE 2 - IMPULSE DISPLAY

3':
N=3-lc
'r='r +40T
>
LINES OF RELATIVE M=4 ]
Pr,NT PR:OR TO LINES OF RELATIVE PRINT
(s Lo S
! JOR TO FIRSY MANELVER
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CONTINUE




APPENDIX B
REVISED LOGIC TO COMPUTE THE TWO-IMPULSE

DISPLAY QUANTITIES
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RPPENDIX B @ REV/ISED LOGIC TO COMPUTE THE
2 IMPULSE DISPLARY QUANTITIES

IMPULSIVE AV N — "
EXTERNAL AV COORDINATES AV,\; LNS) = AX_
av

AV, (I NS) = AZ
eav T

Av, (I, NS) = A
EAv

AV (R,NS) = AX,
EAV

AV (R NS)= AR

EAv R

av, (2,NS9)= - AY
feav R

INCREMENTAL VELOCITY
COMPONENTS REQUIRED AV (1,NS) = AX

FOR SuBROUTINE “gpptY” X T
AV (1,NS) = ~aY_

Ave(l, NS) = A

AV, (R NS) = axg

AV (2,NS)* - aY,

Aav,(2,N5)= ~aZ
WT S WEIGHT (L)
K=
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SET THRUSTER CaNT ANGLES

LM
£=0° <
co_o.

7 csm
€=10°
¢'=r25

T= T(,L)

I,:L,U,L)

W= Noup 177 e

T

VEIGHT APPROXMATION AFTER| A= ﬁ_;l_____
L3
FIRST MVYR ( ASSuMep To usE e( 'is—rmc)
X-Axis RCS TwRuSTERS)
LMPULSIVE DIRECTIONAL —
PiTcH AND YAWw oF / -4 -AOVy (K‘NS)
¢ =TAN

MANEUVER

S

AV, (K NS)

1 -
Y'=TaN | _—aVve (kNS

AV, (K NS

I3
{AVI(SNS)*A\I:(K)NS)}‘

K=K+ |




1k

WT = O

RESET ELEMENTS

ay= a'n
eciy=e (1)
Icn =1'Co)
c)<|)=c5'(|)
h(i): W Q1)
L0V = ficr)
K =0

T=T,

a@)y-a'@)
e@)-e'(2)
ray=1'ce
gc2)=g'(2)
h(2)=h'(2)

A2)=4'ca)
K, (2 t o)

INITIALIZE AEG FOR BoTH

VEHICLES AT THRESHOLD TIre

AREG

T=TgCI,NS)




T=T,
BRING ELEMENTS OF BoTk

VEHICLES To T/ME OF FirsT

MANEUVER

OBTAIN /INVERTIAL CoOORD
COORODINATES OF CHRSER x y 2 s v 3
ko) ke Le) x‘() we? e

OBTRIN NEW ELEMENTS

LV
AFTER FIRST MANELYER APPL)

AN (1,NS), NyCLNS), A% (N

K(L)=0

I
NITIALIZE NEW ELEMENTS AEG

T=T(2 NS)

AOVANCE ELEMENTS 7O
TiME& 5T BoTH VEHICLES

T =T
STORE

- 15
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COMPUTE APPROACH DATAR FRIOR

X
To MANEwy,eR APPEN DI

BRING ELEMENTS BOTH VEHCLES

ME = T
To 77 STORE

OBTAN INERTIAL COORDINATES
OF TARGE T

TARGET PoSiTioN v S/C-
COORDINATE SYSTEM

look ANGLES To THE
TARGET (PircH ¢ YAW) ¢
VC—'H/CLE X-AX1S

Look ANGLES To THE
HoRlzoN (P/TcH § YAW)
VEHICLE X~AXIS

VEHICLE AIMED AT Hopi2oN

8 b= 4’»1

4 \P:‘Pu

VEHICLE A.MC> AT TAKGET

C2R2 <

¢,



OBTAIN AV /INCREMENTS '~ Bopy
COORDINATES it VENICLE X-Ax’S
AMED AT EITHER TARGET OR
MR BON

L}
Vol SV (K,NSICosY Cosd ~ AVZIK, NS)SINY oS ~ AV (K, NS) SIN ¢

Vs'a: - AV, (k,NS) SINY - AV (K NS)cos P

Vsla: AV, (K,NS)Cos¥SIN - AV (K NS)SINY SING + av, (kNS) s

OBTAIMN AV INCREMENTS IN
BoDY COCORDINATES wiTH ,
VEHICLE PTcHED IN ORDER VBO(K,NS)=V&7COS(A¢:)-V8'£SIN cad)
THAT ASTRONAUT MAY ’

VIEW TARGET or kormizon | Vg (KNS = Vg

!
s)=y' v! ain¢
V82(KJN J Vaacas(A4>)+ Pl A¢)

PiTCH AnD YAW OF THE Body ¢ ~ 4“, a
FOR ASTRONAUT To Vi€ View ¢)
THORGET OR Hokra2oN 17 _

ViEw "~

AV INCREMENTS N RBopDY

CooRp)NATES TRoTATED Xg. = VSo

THROUGH TRoLL OFFSET R , ,
F =3 2 -

OF THRWUSTER YBR Velcosf_‘ \/82 SINE

- ¢ 4
2pe° Vgacos £ 4 Vg SN £

17
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ACCELERATION OF [LATERAL

THRUSTER'S A, = &Trcose
W ‘rk

4

BeeRN TIMES o 1TH -

(K NS) =Y
LATERGL THRUSTCRS AT (K NS) 1 Vel

a‘_"

= i
ATy, (k,ns) <1768

a= e
IXggi
e_( zs?st cos r_)

Bukn Time FoR X-AxiS AT (K NS) = WT -w
THRit STER Bo —k

T N
THRusST DIRECTION S DFO(kINS):HFT

.

b, (KHN%)= Fwh
&o 7

{ < LEFT
Dh,k,ns) _

e

D, (K NSIT RICHT
| &

H <
0, 2(\5&5) UP

L
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APPENDIX C

REVISED LOGIC FOR SUBROUTINE ROTATE

21
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APPENDIX C.\ REV/SED LOGIC. FOR SUBROUTINE Ro7T 27 E

SUBROUTINE ROTATE
I/ hz u/ ‘RUXINl YINJ ZSN) L; XRL‘ R;JéﬂL

Y.

Y | =

‘
zﬂL

(o}

O

Yo CoSy, SINU ©
-SINU_ COSU_©

| (o) 0
O CoSs1 SINI
[ L

Q -5\ NIL coSIL

€oSh SINh O *
-SINh, COSh O |Yia
el o 1| |2,

RETWRN

END
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